Abstract. The present study aimed to evaluate the utility of the extent of change (C) and change rate (Cr) of cardiac troponin I (cTnI) and hypersensitive C-reactive protein (hs-CRP) prior to and after treatment in evaluating the early therapeutic efficacy of acute myocardial infarction (AMI) treatment. A total of 145 patients with AMI who received regular MI treatment were enrolled in the present study. Patients were divided into the effective group and the ineffective group based on the early therapeutic efficacy. The values of two parameters, namely the serum levels of cTnI and hs-CRP, were collected prior to and after AMI treatment. Data were analyzed by using the t-test, Chi-squared test, logistic regression and receiver operating characteristic (ROC) curve analysis. Compared with those in the ineffective group, the values of cTnI and hs-CRP after treatment [cTnI (post) and hs-CRP (post) ], as well as their C and Cr values, were significantly decreased in the effective group (P<0.01). Furthermore, the positive rates (PR) of cTnI (post) , hs-CRP (post) , (cTnI+hs-CRP) (post) , C (cTnI) , C (hs-CRP) and C (cTnI+hs-CRP) were significantly lower in the effective group compared with those in the ineffective group (P<0.01). It was indicated that hs-CRP (post) and C (hs-CRP) , as well as the PR-cTnI (post) and the PR-C (cTnI) , may be used as independent factors for early therapeutic efficacy evaluation (P<0.05). In addition, the area under the ROC curve, as well as the associated sensitivity and specificity analysis for cTnI (post) , hs-CRP (post) , C (cTnI or hs-CRP) and Cr (cTnI or hs-CRP) , all indicated that these parameters were able to distinguish between the effective and the ineffective groups. The present study revealed that compared with the cTnI (post) and hs-CRP (post) , the C and the Cr of cTnI and hs-CRP may have enhanced value for evaluating the early therapeutic efficacy of AMI treatment.
Introduction
Acute myocardial infarction (AMI) has become the leading cause of death worldwide, and it is also the most serious type of coronary artery disease (1) . Regarding the treatment of this disease, early evaluation of treatment effects and outcomes is required in order to select the patient's further individualized treatment (2) .
Cardiac troponin I (cTnI), the standard marker for myocardial necrosis (3) , is one of the important diagnostic indicators for patients with AMI (3). However, due to a delayed release of cTnI, its sensitivity within the first hour of AMI is not sufficient for diagnosis, which is therefore being referred to as the 'troponin-blind period' (3) . The acute phase of the inflammatory response is an important step in the development of AMI (4) . Hypersensitive C-reactive protein (hs-CRP) is a highly sensitive acute inflammatory protein produced by the liver (5), which may be used as an independent risk factor for predicting adverse cardiovascular events. A number of studies have indicated an increase in serum hs-CRP in patients with AMI (6, 7) .
To date, only a few studies have assessed the changes of cTnI and hs-CRP in patients after treatment for AMI. Koskinas et al (8) reported that in patients with ST segment elevation MI, hs-CRP was significantly decreased after intensive statin treatment compared with that prior to treatment, suggesting that the curative effect may be assessed by using the indexes of absolute values or the extent of change of hs-CRP. In the present study, the utility of the absolute values of cTnI and hs-CRP, as well as changes of cTnI and hs-CRP, prior to and after treatment [extent of change (C) and change rate (Cr)] in evaluating the early treatment efficacy for AMI was investigated. 
Changes of cardiac troponin I and hypersensitive C-reactive protein prior to and after treatment for evaluating the early therapeutic efficacy of acute myocardial infarction treatment

Materials and methods
Patients.
A total of 145 patients with AMI treated at the Ninth People's Hospital of Chongqing between December 2011 and January 2015 were enrolled in the present study. The diagnostic criteria for AMI applied were the World Health Organization's 'Clinical Diagnostic Criteria for Coronary Heart Disease', 2003 edition (9) . The inclusion criteria were as follows: i) Patients with 'non-ST segment-elevation MI' at first onset or hospitalized within 12 h of onset; and ii) patients with a similar first-course treatment strategy. Patients with comorbidities, including diabetes, malignant tumors, chronic respiratory diseases and coagulopathy, and those who received special or long-term treatments, were excluded. The present study was approved by the Ethics Committee of the Chongqing Health Economics Association (Chongqing, China). Informed consent was obtained from each patient. AMI treatments, including dilation of blood vessels, thrombolytic therapy, regulation of heart rhythm and anti-shock therapy (Table I) , were performed in strict accordance with the Guidelines for the Treatment of AMI (2001 edition by the Chinese Medical Association Cardiovascular Society) (10) . The first phase of AMI treatment lasted for 7-10 days. Two indicators, including cTnI and hs-CRP, were respectively measured within 2 h of hospitalization (the start value) and in the early morning of the last day of the first treatment (the end value). Effective treatment in the first phase of treatment was defined as follows: i) Electrocardiogram indicated that the ST segment or the T wave returned to normal and ii) the symptoms of chest tightness or pain disappeared. Patients were divided into the effective group (n=69) and the ineffective group (n=76) based on the early therapeutic efficacy (10). All participants were followed up every three months for one year post-discharge. They were followed up by phone or outpatient visit. The mortality and re-infarction rates were recorded.
Detection of cTnI and hs-CRP. The serum cTnI was detected using the Architect i4000SR plus automated immunoassay system (Abbott Diagnostics). The serum hs-CRP was measured with a Hitachi automatic biochemical analyzer 7600 (Hitachi, Ltd.). The measurements of cTnI and hs-CRP were strictly in accordance with the instructions of their corresponding kits, which were the Cardiac Troponin I kit (Abbott Ireland Diagnostics Division) and the Hypersensitive C-reactive Protein kit (Maccura Biotechnology Co.). According to the instructions, when cTnI was <0.3 ng/ml and hs-CRP was <8 mg/l, the test result was considered negative; otherwise, it was considered positive.
Definition. C represents the extent of change prior to and after treatment, while Cr represents the change rate after treatment. The formula for calculating C or Cr of cTnI was as follows:
If C (cTn I ) ≥ 0, Cr (cTn I ) = C (cTn I ) /cTn I (p ost) ; if C (cTn I ) < 0, Cr (cTnI) =C (cTnI) /cTnI (pre) .
cTnI (post) is the value of cTnI after treatment, while cTnI (pre) is the value of cTnI prior to treatment. C (cTnI) is the extent of change of cTnI after treatment and Cr (cTnI) is the change rate of cTnI.
Similarly, C (hs-CRP) and Cr (hs-CRP) were calculated as follows.
C (hs-CRP) =hs-CRP (post) -hs-CRP (pre) .
If C (hs-CRP) ≥0, Cr (hs-CRP) =C (hs-CRP) /hs-CRP (post) ; if C (hs-CRP) <0, Cr (hs-CRP) =C (hs-CRP) /hs-CRP (pre) .
If the value of cTnI or hs-CRP was greater than the upper limit of its reference value, it was considered as positive; otherwise, it was defined as negative. If cTnI (post) and hs-CRP (post) were positive, the combined detection of cTnI (post) and hs-CRP (post) was positive; otherwise, it was defined as negative. If the value of C (cTnI) or C (hs-CRP) was no less than zero, it was defined as positive; otherwise, it was defined as negative. If C (cTnI) and C (hs-CRP) were positive, the combined detection of C (cTnI) and C (hs-CRP) was defined as positive; otherwise, it was defined as negative (2) .
Statistical analysis. The data were analyzed by using SPSS 17.00 (SPSS Inc.). The non-parametric independent-samples t-test was used to analyze the differences in cTnI, hsCRP, C and Cr between the effective group and the ineffective group. The chi-squared test and the odds ratio analysis were used to determine the difference in the positive rate (PR) of cTnI (post) , hs-CRP (post) , (cTnI+hs-CRP) (post) , C (cTnI) , C (hs-CRP) and C (cTnI+hs-CRP) between the effective and ineffective groups. Multivariate logistic regression analysis was performed by using four models. The treatment groups (the effective or the ineffective group) were used as dependent variables and five indicators (sex, age, treatment days and the value of cTnI and hs-CRP) were used as independent variables. Model I was based on the values of cTnI (post) and hs-CRP (post) ; Model II was based on the PR of cTnI (post) and hs-CRP (post) ; Model III was based on the C (cTnI) and C (hs-CRP) ; Model IV was based on the PR of C (cTnI) and C (hs-CRP) . Receiver operating characteristic (ROC) curves for cTnI (post) and hs-CRP (post) , C (cTnI) , C (hs-CRP) , Cr (cTnI) and Cr (hs-CRP) to distinguish between the effective and ineffective groups were respectively analyzed. Based on the corresponding thresholds, the area under the ROC curve (AUC) for cTnI (post) and hs-CRP (post) , C (cTnI) , C (hs-CRP) , Cr (cTnI) and Cr (hs-CRP) , as well as the sensitivities and specificities, were respectively calculated. P<0.05 was considered to indicate statistical significance.
Results
Basic clinical characteristics.
The characteristics of patients of the effective and ineffective groups were compared. No significant differences in age (72.30±10.998 years vs. 72.96±11.384 years), duration of treatment (7.97±4.759 days vs. 6.93±3.689 days) and sex ratio (42/27 male vs. 49/27 female) were identified between the effective group and the ineffective group (P>0.05). Following 12 months after discharge, valid follow-up data were obtained for 33 patients in the effective group, where 3 incidences of AMI and 2 mortalities occurred, and for 41 patients in the ineffective group, including 5 incidences of AMI and 3 mortalities. The mortality and re-infarction rates were not significantly different between the two groups. Therefore, there were no significant differences between the two groups regarding their baseline characteristics and follow-up data (Table II) .
Significant differences in cTnI (post) , hs-CRP (post) , C (cTnI) , C (hs-CRP), Cr (cTnI) and Cr (hs-CRP) between the effective and ineffective groups. To identify any differences of cTnI (pre/post) , hs-CRP (pre/post) , C (cTnI or hs-CRP) and Cr (cTnI or hs-CRP) between the effective group and the ineffective group, non-parametric independent-samples t-tests were performed. Prior to treatment for AMI, there were no significant differences in the levels of cTnI (pre) and hs-CRP (pre) between the two groups (P>0.05; Table III ). However, after treatment for AMI, significant differences in the levels of cTnI (post) and hs-CRP (post) were determined between the effective group and the ineffective group. Similarly, the levels of C (cTnI) , C (hs-CRP) , Cr (cTnI) and Cr (hs-CRP) were also significantly different between the two groups (P<0.01). After one course of treatment, six indicators, including cTnI (post) , hs-CRP (post) , C (cTnI) , C (hs-CRP), Cr (cTnI) and Cr (hs-CRP), were significantly improved in the patients.
Significant differences in PR-cTnI (post) , PR-hs-CRP (post) , PR-(cTnI+hs-CRP) (post) as well as PR-C (cTnI) , PR-C (hs-CRP) and PR-C (cTnI+hs-CRP) between the effective and the ineffective group.
To test whether the PR of the various indicators differs between the effective and the ineffective group, chi-squared tests were performed. The PR-cTnI (post) , PR-hs-CRP (post) , PR-(cTnI+hs-CRP) (post) , as well as PR-C (cTnI) , PR-C (hs-CRP) and PR-C (cTnI+hs-CRP) , were significantly different between the effective group and the ineffective group (P<0.01; Table IV ). The odds ratios to indicate effective treatment for the PR-C (cTnI) , PR-C (hs-CRP) and particularly the PR-C (cTnI+hs-CRP) were much higher than those for the PR-cTnI (post) , PR-hs-CRP (post) and PR-(cTnI+hs-CRP) (post) . Thus, the use of PR-C (cTnI) and PR-C (hs-CRP) may be better than that of PR-cTnI (post) and PR-hs-CRP (post) for evaluating the early efficacy of AMI treatment. Furthermore, the combination of PR-C (cTnI) and PR-C (hs-CRP) had the best value in evaluating the early efficacy of AMI treatment.
Efficacy evaluation by four models. In order to explore the impact of various factors on the early efficacy of AMI treatment, multivariate logistic regression analysis was performed. The groups (effective and ineffective group) were used as the dependent variable and the five indicators [sex, age, treatment days, cTnI (post) and hs-CRP (post) ] were used as independent variables. As presented in Table V , the total effective rate in Model I was 75.5%, and it was indicated that the hs-CRP (post) may be used as an independent factor for efficacy evaluation in Model I (P<0.05). The total effective rate in Model II was 73.5% and according to this model, the positive rate of cTnI (post) may be used as an independent factor for evaluation of the treatment efficacy (P<0.05). The total effective rate in Model III was 75.5% and it was indicated that C (hs-CRP) may be used as an independent factor for efficacy evaluation (P<0.05). The total effective rate in Model IV was 83.7% and according to this model, the PR-C (cTnI) may be used as an independent factor for evaluation of efficacy (P<0.01). The analysis suggested that, among the various factors that may be indicative of the early efficacy of AMI treatment, hsCRP (post) , C (hs-CRP) , PR-cTnI (post) and PR-C (cTnI) were the best indicators. (post) , C (cTnI) and Cr (cTnI) to determine the early efficacy of AMI therapy. The ROC curves for cTnI (post) , C (cTnI) and Cr (cTnI) to distinguish between the effective and ineffective groups were separately analyzed. For cTnI (post) , the AUC was 0.775 (95% CI: 0.695-0.854, P<0.001) at the best cut-off value of 2.459 ng/ml. The corresponding sensitivity was 70.4% and the specificity was 80.9%. For C (cTnI) , the AUC was 0.826 (95% CI: 0.755-0.898, P<0.001) at the best cut-off value of 0.001 ng/ml. The corresponding sensitivity was 73.2% and the specificity was 89.7%. For Cr (cTnI) , the AUC was 0.851 (95% CI: 0.786-0.916, P<0.001) and the cut-off value was -17.725%. The corresponding sensitivity was 77.5% and the specificity was 83.8% ( Fig. 1; Table VI ). Values are expressed as n (%). Similarly, the ROC curves for hs-CRP (post) , C (hs-CRP) and Cr (hs-CRP) were also drawn (Fig. 2) . For hs-CRP (post) , the AUC was 0.785 (95% CI: 0.660-0.911, P<0.001) at the best cut-off value of 14.850 mg/l; the sensitivity was 74.2% and the specificity was 78.3%. For C (hs-CRP) , the AUC was 0.837 (95% CI: 0.727-0.946, P<0.001) at the cut-off value of 1.750 mg/l; the sensitivity and specificity were 74.2 and 87.0%, respectively. For Cr (hs-CRP) , the AUC was 0.826 (95% CI: 0.708-0.945, P<0.001) at the cut-off value of -13.565%, with a sensitivity of 87.1% and a specificity of 73.9%. The AUCs of those above-mentioned indicators ranged from 0.775 to 0.851, indicating that they all had a certain predictive effect. Of note, the AUCs of those six indicators exhibited a trend: Cr (cTnI) > C (hs-CRP) > Cr (hs-CRP) =C (cTnI) > hs-CRP (post) > cTnI (post) , indicating that the C and Cr values of the two indicators were more suitable for assessment of the therapeutic effect than their absolute values.
ROC analysis of cTnI
Discussion
In the present study, the utility of cTnI and hs-CRP in evaluating the early efficacy of AMI treatment was evaluated. The levels of cTnI and hs-CRP were measured in patients with AMI treated between 2011 and 2015. The results suggested that after treatment, the levels of cTnI and hs-CRP, as well as their C and Cr, were markedly decreased in the effective group (P<0.01). The hs-CRP (post) and C (hs-CRP) , as well as the PR-cTnI (post) and PR-C (cTnI) , may be used as independent factors for evaluating the early therapeutic efficacy (P<0.05). The present study also confirmed that the C and Cr of cTnI and hs-CRP had better sensitivity and specificity for assessing the early treatment efficacy of AMI than the absolute values.
AMI is the most severe manifestation of coronary artery disease (1), mostly due to atherosclerotic plaque rupture. Atherosclerosis is thought to be caused by lipids invading the arterial wall, which deposit between smooth muscle cells, collagen or elastin fibers, and stimulate fibrous tissue proliferation (11) . Once plaques rupture, platelets bind to collagen through cell surface receptors to accelerate thrombus formation, promote platelet recruitment and adhesion, and aggravate coronary stenosis (12) . In the clinic, patients with MI commonly present with chest pain and acute circulatory dysfunction, and the condition seriously endangers the life of aged individuals affected (2). Current methods for assessing the early treatment effects of AMI are not sensitive and comprise serum enzymes including aspartate aminotransferase (AST), lactate dehydrogenase (LDH) and their isoenzymes (13, 14) . Since AST and LDH are distributed in numerous organs throughout the body, their diagnostic specificity is poor (15) . Creatine kinase isoenzymes (CK-MB) may reflect the subtle changes of myocardial injury; thus, the abnormal increase of serum CK-MB may be used for early prediction or therapeutic evaluation of myocardial injury; however, its specificity is Odds ratio=(N of the effective group x P of the ineffective group)/(N of the ineffective group x P of the effective group). P, number of positives; N, number of negatives; PR, positive rate; hs-CRP, hypersensitive C-reactive protein; C, extent of change; post, post-treatment; cTnI, cardiac troponin I. Table V . Effects of sex, age and treatment days, as well as parameters associated with cTnI and hs-CRP, on the clinical outcomes of patients. 
PR, positive rate; hs-CRP, hypersensitive C-reactive protein; C, extent of change; post, post-treatment; cTnI, cardiac troponin I; P, positive; N, negative.
low due to its expression in multiple tissues (16) . In addition, the degree of ST segment changes in the aVF lead has certain significance in the prognostication of patients with AMI, but its sensitivity is not high either (17) . hs-CRP, an acute-phase reactant, is significantly elevated in the plasma of patients with AMI or MI (18) . Numerous prospective studies have demonstrated that CRP may independently predict cardiovascular events (19, 20) , and it therefore has important clinical value in the diagnosis of MI, as well as the diagnosis of ischemic stroke and sudden cardiac death (21) . In addition, cTnI has been reported to hold great value in assessing thrombolytic effects, predicting infarct size and identifying unstable angina (22) . For instance, Twerenbold et al (23) reported that detection of hypersensitive cTnI is able to accurately quantify the extent of myocardial damage. Xu et al (24) indicated that the serum levels of hs-CRP and cTnI in patients with AMI were significantly higher than those in healthy controls, and they were significantly lower in the treatment-effective group than in the treatment-ineffective group. Similarly, in the present study, no significant difference in the levels of hs-CRP and cTnI prior to AMI treatment was identified between the two groups; however, after AMI treatment, their levels were significantly lower in the effective group than those in the ineffective group, and it was suggested that hs-CRP (post) , C (hs-CRP) , the PR-cTnI (post) and the PR-C (cTnI) may be used as independent factors to predict early treatment outcomes in patients with AMI. Muhlestein et al (25) demonstrated that the change of Erythrocyte Distribution Width was of higher evaluation value for the early efficacy of AMI treatment, which is similar to the methodology used in the current study. Consistently, the present study also indicated the significant differences in the C and Cr of hs-CRP and cTnI between the effective group and the ineffective group after AMI treatment, while there were no differences prior to AMI treatment, indicating that these indicators are able to reflect the early therapeutic effect. Simultaneously, there were significant differences in the level of hs-CRP and cTnI and their positive rates between the effective and ineffective groups. Further analysis suggested that the combined detection of hs-CRP and cTnI and their combined PRs also exhibited significant differences between the effective and ineffective groups. In addition, the multivariate logistic regression analysis revealed that hs-CRP (post) , C (hs-CRP) , PR-cTnI (post) and PR-C (cTnI) may serve as independent factors for evaluating the early response to AMI treatment. Furthermore, the ROC curve analysis of the present study revealed that the AUC, sensitivity and specificity for the C and Cr of cTnI and hs-CRP for evaluating the early treatment efficacy of AMI than those for hs-CRP (post) and cTnI (post) . In addition, the specificity and sensitivity of the C and Cr of cTnI and hsCRP were better than their absolute values. However, further studies are required to confirm this. AUC, area unter the curve; hs-CRP, hypersensitive C-reactive protein; C, extent of change; post, post-treatment; cTnI, cardiac troponin I.
The present results suggest that introduction of the C or Cr of hs-CRP and cTnI in the evaluation of early therapeutic effects in patients with AMI may dynamically reflect early treatment responses, which may further facilitate the development of more individualized and accurate treatments. At present, complete data on traditional indicators (including AST, LDH and CK-MB) are not available. Thus, it was not possible to compare the utility of modified cTnI and hs-CRP parameters in predicting the efficacy of AMI treatment to that of existing markers (e.g. AST, LDH and CK-MB). However, it has been reported that the diagnostic and prognostic value of cTnI and hs-CRP in patients with AMI is better than that of AST, LDH and CK-MB. For instance, Fan et al (26) demonstrated that the specificity and sensitivity of cTnI in the diagnosis of AMI was much better than that of CK-MB. Jia et al (27) also indicated that cTnI was a better indicator for diagnosis and differential diagnosis of patients with AMI due to its higher sensitivity and specificity compared with that of AST, CK-MB and LDH. Therefore, cTnI may be an ideal biomarker for AMI. In addition, the level of serum cTnI was reported to not be affected by age, sex, site of myocardial damage or thrombolytic drugs (28). Aseri et al (29) suggested that hs-CRP is a more significant predictor for myocardial damage than AST, CK-MB and LDH, and it may be a useful prognostic marker in acute coronary syndrome. In the clinic, the indicators used to evaluate early treatment effects in patients after AMI include, but are not limited to, cTnI, hs-CRP, AST, LDH and CK-MB (13, 14, 24) . However, to the best of our knowledge, no previous study has directly compared the role of cTnI and hs-CRP in evaluating treatment efficacy to that of other traditional indicators (including AST, LDH and CK-MB), and therefore, further studies are warranted.
Of note, the present study has certain limitations. First, the acquisition time of cTnI and hs-CRP data in certain patients did not meet the requirements set by the experimental design, resulting in data loss. Second-treatment duration times were different among each patient, lowering the reliability of conclusion. Furthermore, the overall sample size was relatively small. In addition, the follow-up was relatively short, and the amount of patients lost to follow-up was relatively high, thus the role of hs-CRP and cTnI in evaluating the long-term efficacy of AMI treatment was not determined. Finally, comorbidities in the patients with AMI were not analyzed in the present study. In some AMI patients with comorbidities, the hs-CRP and cTnI values may be altered, which could impact the evaluation of these parameters. Further studies are therefore warranted.
At present, the levels of hsCRP and cTnI are frequently used in the clinic to evaluate the early treatment efficacy of AMI; however, less attention is paid to their changes prior to and after treatment. The present study indicated that the value of the C and Cr of hsCRP and cTnI in the evaluation of the early therapeutic efficacy of AMI treatment is improved compared with that of the absolute values, providing a reference for their clinical application.
